Genomics contributes to health and disease and offers the opportunity for truly personalized medicine. However, the rapidly advancing field of medical genetics is outpacing the knowledge acquisition of practitioners. 1 Given its impact, it is essential for practitioners to be knowledgeable regarding genetics and to be capable of applying the information to clinical practice. Unfortunately, there are fewer than 3,000 certified specialists in medical genetics in the United States. 2 Thus, there have been movements for primary care physicians to become competent in genetics and genomics. [3] [4] [5] [6] [7] Medical genetics can no longer be considered a field of rare disorders given that genetics underlies all of medicine. Thus, practitioners should consider genetics during every patient encounter. 8, 9 Some effort has been made to improve awareness among practitioners. 10 Historically, however, there has been a deficiency of training in medical genetics among primary care residents. We describe the experience of our institution, which requires all categorical pediatric, child neurology, and combined medicine-pediatric residents to complete a subspecialty rotation in medical genetics. The exposure to our field not only increases knowledge and awareness of the importance of genetics but also provides the opportunity to assess how genetics impacts trainees within their chosen discipline.
MATERIALS AND METHODS
Like all clinical rotations at the University of Texas Medical School at Houston, the pediatric residency program's subspecialty rotation in medical genetics has an online evaluation form for rating the quality and effectiveness of the rotation. Standardized end-of-rotation evaluations have been available for more than 9 years. Results are based on a numbered scale as well as free-text comments. These reports were analyzed from July 2005 to March 2015. Thematic analysis of the comments during this time period was also performed. This study was approved by the UT Health Committee for the Protection of Human Subjects.
RESULTS

Training program
Our Graduate Medical Education (GME) program requires first-year categorical pediatric, first-year child neurology, and fourth-year combined medicine-pediatric trainees to complete a medical genetics rotation. The rotation was 1 month in length until July 2013, when this changed to a 2-week rotation owing to factors unrelated to the rotation. The categorical pediatric residency program has 22 residents per year, the combined medicine-pediatric residency program has 6 residents per year, and the child neurology residency program has 3 residents per year. The service comprises both outpatient and inpatient encounters for a wide scope of general and subspecialty genetics indications. The team has a variety of learners, including medical students, genetic counseling students, medical genetics and combined pediatrics-medical genetics residents, as well as maternal-fetal medicine, molecular genetic pathology, and Purpose: With the greater understanding that genetics underlies the basis of health and disease, the practice of medicine is changing such that we are now in an era of genomic medicine. However, there has been a deficiency of training in genetics and genomics among primary care residents.
Methods:
We describe the experience of our institution, which requires pediatric, child neurology, and medicine-pediatric residents to complete a subspecialty rotation in medical genetics. Standardized end-of-rotation evaluation results were analyzed and thematic analysis was performed.
Results:
The mean overall educational quality of the rotation rated on a 5-point scale ranging from 1 (poor) to 5 (excellent) was 4.49. The participation in medical genetics had three main outcomes: (i) a variety of learning opportunities were presented such that it was one of the most educational rotations that trainees experienced; (ii) both trainee competence and confidence in clinical practice improved through knowledge gained; and (iii) an increased awareness and appreciation for interprofessional relationships, especially for the genetic counseling profession, was highly valued. In addition, some residents have gone on to choose medical genetics as a profession.
Conclusion:
A rotation in medical genetics increases knowledge and awareness of the importance that medical genetics has in clinical practice.
Education REpoRt pediatric endocrinology fellows. These trainees are supervised by and interact with two or three MD geneticists, five certified genetic counselors, one genetics nurse, and one dietitian. We provide physical space for the trainees to work in, which has a library, computers, printer, and telephone.
At the start of their rotation, trainees are given an orientation by a genetic counselor or genetics nurse, and they receive a rotation manual. The manual includes a directory of contact information for the members of the Division of Medical Genetics; schedules of outpatient clinics, inpatient consultation rounds, and teaching conferences; a list adapted from the Texas Department of State Health Services titled "When Does a Child Need Genetic Services?" (Supplementary Table S1 online); and an article explaining how to take pedigrees. 11 Additional references and materials are available to them online, including the goals and objectives of the rotation (Supplementary Table S2 online), articles from the series "Elements of Morphology: Human Malformation Terminology, " [12] [13] [14] [15] [16] [17] as well as a list of resources that they have access to in our library, such as textbooks, computer databases, and helpful websites ( Table 1) .
The philosophy of the medical genetics rotation is twofold: teach the resident to recognize when a patient may have a disorder with an underlying genetic etiology and provide the resident with the tools to initiate the evaluation for a patient who may have a genetic condition. There are thousands of conditions with a genetic component, ranging from chromosomal to single-gene to multifactorial conditions. The medical genetics rotation will not teach the resident about every one of those conditions. We seek to teach the approach to a genetic problem and familiarity with some of the more common conditions. Each trainee is assigned 5-10 outpatients and up to 5 inpatients per week; these numbers can vary from week to week. Although trainees are assigned to different patients, learners are present to hear one another's cases in order to benefit from their team members' teaching points. Because a trainee is involved in every patient encounter, the approach to a patient is practiced, providing real examples applied to patient care. Each week, trainees give case presentations during two teaching conferences. At the end of their rotation, they prepare and deliver a formal genetics grand rounds presentation. Upon completion, trainees submit an online evaluation of the rotation and the supervisors. In turn, the faculty provides individual feedback and evaluations for each trainee.
Evaluations
Aggregate results of rotation evaluations by trainees for 9 consecutive years are listed in Table 2 . The mean overall educational quality of the rotation rated on a 5-point scale ranging from 1 (poor) to 5 (excellent) was 4.49 (n = 193 responses). This positive learning experience was supported by the trainees' comments during the same period (Supplementary Table S3 online). Analysis of the comments showed three main themes: (i) a variety of learning opportunities were presented such that it was one of the most educational rotations that trainees experienced; (ii) both trainee competence and confidence in clinical practice improved through knowledge gained; and (iii) trainees gained an increased awareness of and appreciation for interprofessional relationships, especially in the genetic counseling profession.
DISCUSSION
There is a need for practitioners who are competent in genetics, but there is a severe lack of exposure to medical genetics. Our program trains and mentors practitioners with respect to genetics as a salient component of pediatric primary and subspecialty care. Rotation-specific feedback has provided an eye-opening glimpse into how formative this rotation can be, mainly pertaining to competency gained in knowledge of clinical genetics, laboratory testing, obtaining a family history, attention to detail during a physical examination, recognizing dysmorphic features, identifying genetics resources, ordering basic genetic testing, and determining appropriate referrals. For example, one rotator said that after the rotation, "I feel more comfortable with working up a child that may have a genetic disorder and looking for signs on a physical exam. " Another noted that the rotation "gave us a good insight on different resources that are available for genetic disorders and what tests to order. " Another rotator provided this rewarding comment: "This rotation really is 'medicine. ' You have to have a firm grip on genetics, physiology, pathophysiology, and medical management. " Given that the rotation occurs during the first year for the pediatric residents, it equips them to apply this knowledge during the remainder of their training. Trainees also described positive interactions with our genetic counselors, genetics nurse, and metabolic dietitians, making their overall experiences more enjoyable. Building interprofessional relationships is an important component of professional development.
However, several limitations were noted in the evaluations. For example, a frequent comment was that the 2-week 
Education REpoRt
rotation was too short. Also, several trainees said they wanted more patients because the case load was variable, depending on factors such as the number of trainees on the service at a given time, whether their assigned clinic patients were present for appointments, and how many inpatient consultations were requested during their rotation. Before starting the rotation, the genetic counseling students are required to take a quiz to assess their level of knowledge in medical genetics. However, this is not enforced for the residents, nor is there an assessment after completion of the rotation. A weakness of the study is a lack of pre-and post-rotation learner assessments or objective measures of the rotation.
Most studies have focused on the lack of knowledge in the subject of genetics and barriers to implementing genetics into practice. [18] [19] [20] Unfortunately, the American Board of Pediatrics and the Pediatric Residency Review Committee of the Accreditation Counsel on Graduate Medical Education do not require medical genetics training. We are therefore one of the only pediatric programs in the United States to require medical genetics training. As such, we suggest a global appeal to the agencies involved in GME demonstrating the importance of this training. If medical genetics training is not required in an age of genomic medicine, a steadily increasing knowledge gap will exist among practitioners that will ultimately affect the quality of patient care. Given the impact that medical genetics can have on a patient's medical management, it would be in the patient's best interest to have practitioners who are competent in applying genetics and genomics to their practice as well as in recognizing when subspecialty referral is appropriate.
Medical genetics education should also be a foundation for all individuals assessing children. Among admissions to children's hospitals, 54-71% of patients have a genetic disorder. 21, 22 However, we understand the limitations of programs, given that medical genetics is not available at every training institution. The US Secretary for Health and Human Services Advisory Committee on Heritable Disorders in Newborns and Children recognizes that geneticists who could provide training are not available in many residency programs. 4 Alternative educational methods may be explored, including online training, partnership with other training programs via Web-based conferences, and incorporation of material into activities related to board certification or maintenance of certification. 4, 23 Several pediatric residents from other institutions have completed our rotation as a 1-month away elective, but we have not developed a program to offer this experience to residents remotely. Future directions may be to create such opportunities for external trainees. Having our medical genetics division within the Department of Pediatrics facilitated the incorporation of the pediatric residents into our specialty. A future aim would be to expand the rotation to include additional primary-care residents, such as those in family medicine, internal medicine, obstetrics/gynecology, and/or psychiatry.
Our rotation meets many of the competencies in genomics 5 for practitioners of all disciplines. This will become increasingly applicable as genetics gains more awareness and recognition across specialties and subspecialties. We expect that this will result in more positive attitudes toward the discipline and attract potential medical geneticists. In fact, categorical pediatric residents have switched to the combined medical genetics-pediatric residency program after completing the rotation. Because this exposure increases knowledge and awareness of the importance that medical genetics has in clinical practice, a similar approach should be considered for other training programs. Further studies of additional models of medical genetics training for teaching institutions are needed.
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